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Simulation Scale

Outer length scale: ~500km
Inner length scale: ~50m
Mesh points: ~1012



Spatial Derivatives
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Equations of Motion

Viscoelastic Solid (Kelvin-Voigt Model)

Free surface boundary condition

ü =
1
⇢

r · �

g = r(u + �u̇)

� = � trace(g) + µ(g + gT)

⇢ density

�, µ elastic moduli

� viscosity

u displacement

� stress tensor

⌧ = � · n̂ = 0



! Kernel with 12 Streams
do l = 1, 400
do k = 1, 400
do j = 1, 400
    df(j,k,l) &
    = b(j,k,l,1) * f(j,  k,  l) &
    + b(j,k,l,2) * f(j+1,k,  l) &
    + b(j,k,l,3) * f(j,  k+1,l) &
    + b(j,k,l,4) * f(j+1,k+1,l) &
    + b(j,k,l,5) * f(j,  k,  l+1) &
    + b(j,k,l,6) * f(j+1,k,  l+1) &
    + b(j,k,l,7) * f(j,  k+1,l+1) &
    + b(j,k,l,8) * f(j+1,k+1,l+1)
end do
end do
end do



! Kernel with 5 streams
do l = 1, 400
do k = 1, 400
do j = 1, 400
    df(j,k,l) &
    = b(1,j,k,l) * f(j,  k,  l) &
    + b(2,j,k,l) * f(j+1,k,  l) &
    + b(3,j,k,l) * f(j,  k+1,l) &
    + b(4,j,k,l) * f(j+1,k+1,l) &
    + b(5,j,k,l) * f(j,  k,  l+1) &
    + b(6,j,k,l) * f(j+1,k,  l+1) &
    + b(7,j,k,l) * f(j,  k+1,l+1) &
    + b(8,j,k,l) * f(j+1,k+1,l+1)
end do
end do
end do



! Kernel with 6 streams
do l = 1, 400
do k = 1, 400
do j = 1, 400
    df(j,k,l) &
    = b(j,k,l,1) * f(j,  k,  l) &
    + b(j,k,l,2) * f(j+1,k,  l) &
    + b(j,k,l,3) * f(j,  k+1,l) &
    + b(j,k,l,4) * f(j+1,k+1,l)
end do
do j = 1, 400
    df(j,k,l) + df(j,k,l) &
    + b(j,k,l,5) * f(j,  k,  l+1) &
    + b(j,k,l,6) * f(j+1,k,  l+1) &
    + b(j,k,l,7) * f(j,  k+1,l+1) &
    + b(j,k,l,8) * f(j+1,k+1,l+1)
end do
end do
end do



How Did We Do?

• Prefetch and data locality optimizations: 1.6X speed-up

• Cache-tiling optimizations: 1.6X speed-up

• QPX Vectorization: Work in progress!
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